A. Experimental procedures.
A.1. Chemicals. 5-(Fmoc-amino)-1-pentanol (Aldrich, 98%), triethylamine (Aldrich, 99.5%), 2-bromoisobutyrylbromide (Alfa Aesar, 97%), 3-(Fmoc-amino)-1-propanol (Iris Biotech, 98%), 4-dimethylaminopyridine (DMAP, Acros Organics, 99%), sodium sulphate anhydrous (Na 2 SO 4 , SDS, 99.6%), 4,4'-di-n-nonyl-2,2'-bipyridine (Alfa Aesar, 97%), piperidine (SigmaAlrdich, 99%), 4-hydroxymethylphenoxyacetic acid (Novabiochem/Merck, 97%), N-hydroxy A.3. Synthesis of ATRP initiator 2. 2.5 g of 5-(Fmoc-amino)-1-pentanol (7.7 mmol) was dissolved in 100 mL of dry THF in a 250 mL-two neck round bottom flask and cooled down to 0 °C. 3.21 mL of triethylamine (23 mmol) was then added to the mixture. Subsequently, 2.85 mL of 2-bromoisobutyrylbromide (23 mmol) was added dropwise to the solution. The experimental mixture was slowly allowed to warm up to room temperature and stirred for 20 h. After reaction, the solution was filtered to remove the triethylamine hydrobromide and concentrated by rotary evaporation at 40 °C. The crude reaction mixture was mixed with water (100 mL, sodium chloride saturated) and extracted with dichloromethane (1 x 100 mL and 2 x 50 mL). The organic phases were combined, washed with water (20 mL), dried over Na 2 SO 4 , and concentrated on rotavapor. The product was purified by column chromatography using n-hexane/ethyl acetate (volume ratio 4:1) as eluent. 
A.4. Synthesis of cleavable support P4.
A.4.1. ATRP (P1). Mixture of 1 (1 g, 1 Eq.), copper (I) bromide (0.34 g, 1 Eq.) and 4,4'-Di-nnonyl-2,2'-bipyridine (1.95 g, 2 Eq.) were added into a 25 mL round bottom flask equipped with a magnetic stirrier and sealed with a rubber septum. The mixture was degassed and purged with dry argon for a few minutes. Then, degassed styrene (10.9 mL, 40 Eq.) was added using a degassed syringe and the flask was introduced into an oil bath thermostated at 110 °C.
After 5 h and 15 min of reaction, the polymer was precipitated in methanol. The precipitate was collected by filtration, washed with methanol and dried in a vacuum oven at room , M w /M n = 1.16).
A.4.2. Deprotection of Fmoc group (P2).
Polymer P1 (8.8 g) was dissolved in a mixture of piperidine/DCM (1/1, 20 mL) and the solution was stirred for 1.5 h at RT. After the reaction, the polymer was precipitated in methanol. The precipitate was collected by filtration, washed with methanol and dried in a vacuum oven at room temperature overnight. The deprotected polymer P2 was characterized by 1 H NMR in CDCl 3 .
A.4.3. Attachment of Wang linker (P3).
Polymer P2 (7.5 g, 1 Eq), 4-hydroxymethylphenoxyacetic acid (0.5 g, 1.5 Eq.), N-hydroxy succinimide (0.25 g, 1.2 Eq.), dicyclohexylcarbodiimide (0.42 g, 1.1 Eq), and dry THF (100 mL) were added into a 250 mL round bottom flask. The mixture was stirred for 21 h at RT. After reaction, the mixture was filtrated and the polymer was precipitated in methanol. The precipitate was collected by filtration, washed with methanol and dried in vacuum oven at room temperature overnight.
The purified polymer P3 was characterized by , M w /M n = 1.13).
A.4.4. Loading of glycine (P4).
Fmoc-Glycine (1 g, 10 Eq.) was dissolved in 10 mL dry DCM (several drops of DMF were added in order to complete dissolution). DCC (0.34 g, 5
Eq.) was then added to the solution and the mixture was stirred for 15 min at 0 °C. Next, P3
(1.36 g, 1 Eq.) and DMAP (0.004 g, 0.1 Eq.) were added and the reaction mixture was stirred for 1 h at RT. After reaction, dicyclohexylurea was removed by filtration and the polymer was A.5. Synthesis of permanent support P5. Mixture of 2 (0.2 g, 1 Eq.), copper (I) bromide (0.063 g, 1 Eq.) and 4,4'-di-n-nonyl-2,2'-bipyridine (0.36 g, 2 Eq.) were added into a 25 mL round bottom flask equipped with a magnetic stirrer and sealed with a rubber septum. The mixture was degassed and purged with dry argon for few minutes. Then, degassed styrene (2 mL, 40 Eq.) was added using a degassed syringe and the flask was introduced into an oil bath thermostated at 110 °C. After 6 hours of reaction, the polymer was precipitated in methanol
The precipitate was collected by filtration, washed with methanol and dried in a vacuum oven at room temperature overnight. The purified polymer was characterized by at 60 °C using a Shimadzu LC20AD pump. Toluene was used as internal reference. The molecular weight calibration was based on fourteen narrow molecular weight linear polystyrene standards from Polymer Laboratories.
B.2. Nuclear Magnetic Resonance (NMR).
1 H NMR and 13 C NMR spectra were recorded in CDCl 3 or in CD 3 OD on either a Bruker Avance 400 MHz or on a Bruker Avance 600 MHz spectrometers equipped with Ultrashield magnets. Table S1 . Yields obtained after each step of the synthesis of a polymer bioconjugate on a cleavable Wang soluble support (Approach a in Scheme 1). In each case, these yields were calculated after reaction and precipitation of the conjugate in methanol.
B.3. Electrospray Liquid Chromatography Mass Spectrometry (ESI-LC-MS). ESI-LC-

Isolated polymer Yield [%]
1 PS-x-Gly-Fmoc (P4) 78 2 PS-x-Gly-NH 2 90 3 PS-x-Gly-Lys(Mtt)-Fmoc 99
